Background {#s1}
==========

In recent years, high tibial osteotomy (HTO) for medial compartment osteoarthritis (OA) has become an increasingly frequent surgical technique, with the introduction of locking plates specifically designed for HTO.[@R1] However, complications such as delayed union, overcorrection, undercorrection (UC) or correction loss (CL) are still well-described bone-related complications after HTO.[@R3] Although the most common procedure for progressed OA after UC/CL would be total knee arthroplasty (TKA),[@R6] there are some reports on recorrection HTO.[@R5] However, distal femoral osteotomy (DFO) could be a viable alternative when the deformity centre is located on the femoral side. Here, we report such a case treated by recorrection osteotomy using lateral closed-wedge DFO (LCWDFO).

Case presentation {#s2}
=================

A 70-year-old man who had undergone a closed-wedge HTO 12 years ago presented with progressive knee pain. When he visited our hospital, his Japanese Orthopaedic Association (JOA) score[@R8] was 75 points and the knee range of motion was 130°. As the patient led an active lifestyle and the lateral compartment of the knee was well preserved, we decided to perform a joint-preserving surgery.

Investigations {#s3}
==============

A preoperative anteroposterior (AP) radiograph revealed Kellgren-Lawrence[@R10] grade II OA ([figure 1A](#F1){ref-type="fig"}). The preoperative MRI showed an extensive cartilage defect on the medial femoral condyle, a focal cartilage defect at the edge of the medial tibial plateau and an extruded medial meniscus over 6 mm ([figure 1B](#F1){ref-type="fig"}). The cartilage of the lateral compartment and the lateral meniscus was well preserved ([figure 1B](#F1){ref-type="fig"}). On full-length AP weight-bearing radiographs, the femorotibial angle (FTA, lateral angle between the femoral shaft and the tibial shaft[@R11]), weight-bearing line ratio (WBLR[@R12]), mechanical lateral distal femoral angle (mLDFA[@R13]), joint line convergence angle (JLCA[@R13]) and mechanical medial proximal tibial angle (mMPTA[@R13]) were 178°, 42.0%, 91°, 0° and 92°, respectively ([figure 2A](#F2){ref-type="fig"}). On analyses of these parameters, the centre of the varus deformity was found to be located at the distal femur. The tibial correction from the previous HTO was considered adequate because the mMPTA was over 90°.

![Anteroposterior (AP) radiograph and preoperative MRI. (A) Kellgren-Lawrence grade II osteoarthritis was seen on the preoperative AP radiograph. (B) Preoperative MRI (fat-suppressed proton-density-weighted MR image) revealed medial osteoarthritis with meniscal extrusion.](bcr-2018-224514f01){#F1}

![Full-length radiographs. (A) A preoperative, full-length, weight-bearing radiograph showed a mild varus deformity caused by the femur. (B) Valgus correction was achieved on the full-length view 6 months after the osteotomy. (C) A full-length radiograph after plate removal at the 1 year follow-up. The correction was maintained.](bcr-2018-224514f02){#F2}

Treatment {#s4}
=========

As the lateral compartment OA had not progressed and a good range of motion was still present, a recorrection valgus osteotomy was planned. In European countries, around-knee osteotomies (AKOs) are usually indicated for patients around 50 years of age.[@R1] However, AKOs for patients older than 70 years are widely accepted in Japan because of the necessity for deep knee flexion in their Japanese-style activities of daily living.[@R3] According to the preoperative deformity analysis mentioned above, 8° of LCWDFO was performed. The surgical procedure for LCWDFO was based on the report by van der Woude *et al*.[@R15] After making a 15 cm straight skin incision on the lateral aspect of the thigh, the iliotibial band was split. The vastus lateralis muscle was then elevated anteriorly and the osteotomy site was exposed. A radiolucent retractor was placed posteriorly to protect the popliteal neurovascular bundle. Under fluoroscopic control, two Kirschner wires were inserted for an oblique down-sloping wedge, with the 7 mm wedge base at the lateral cortex. The starting point for the distal osteotomy was 4 cm above the lateral femoral epicondyle. The wires converged just proximal to the medial femoral condyle, ending 5 mm short of the medial cortex. A biplanar osteotomy was then completed and the wedge was gradually closed. A TomoFix Medial Distal Femur (Synthes GmbH; Solothurn, Switzerland) for the left knee was installed on the lateral side of the femur. Just before the plate installation, it was bent about 10° because the angle between the cortex of the shaft and the proximal aspect of the condyle is larger on the lateral side than on the medial side. Otherwise, the proximal two screws of the plate head may be inserted into the osteotomy plane, and plate irritation may occur due to inappropriate fitting. After putting the prebent plate on the lateral condyle according to the procedure described by Brinkman *et al*[@R16] and Woude *et al*,[@R15] a temporary lag screw was applied to provide compression to the hinge. Finally, locking screws were inserted in all of the locking portions of the combi-hole of the plate.

Outcome and follow-up {#s5}
=====================

Partial and full weight-bearing were allowed at 4 and 8 weeks after surgery, respectively, according to the protocol described by Nakamura *et al*.[@R14] After the DFO, the FTA, WBLR and mLDFA were corrected to 170°, 64.8% and 83°, respectively ([figure 2B](#F2){ref-type="fig"}). As the mature trabecular continuity was confirmed both on the coronal and sagittal views of the multiplanar reconstruction CT 6 months after the LCWDFO ([figure 3A, B](#F3){ref-type="fig"}), the plate was removed 1 year after surgery. There was no recurrence of the varus deformity at 1 year follow-up ([figure 2C](#F2){ref-type="fig"}). At the latest follow-up at 14 months, the JOA score had improved to 95 points with 135° of knee flexion.

![Postoperative CT. (A) Coronal slice of the multiplanar CT 6 months after surgery. The trabecular continuity was obtained. (B) Sagittal slice of the multiplanar CT 6 months after surgery. Callus formation was seen on the posterior aspect of the osteotomised site.](bcr-2018-224514f03){#F3}

Discussion {#s6}
==========

First, we defined insufficient correction as a knee with remaining varus in spite of an HTO being performed, including both UC and CL. In general, UC occurs during the surgery, while the CL refers to a change in postoperative alignment. Therefore, insufficient correction can be divided into the following six types: (1) intraoperative UC induced by inappropriate preoperative planning; (2) intraoperative UC due to technical error(s); (3) CL at the osteotomy site; (4) progressive bony deformity at another site of the tibia; (5) progressive bony deformity in the femur and (6) medial joint closing/lateral joint opening during weight-bearing because of loss of the medial compartmental cartilage/meniscus/bone, increased lateral instability and/or weak muscles around the knee.

Because the former osteotomy was performed 12 years prior at another hospital, we cannot be certain how much insufficient correction there was in the present case. According to the deformity analysis, the insufficient correction in this case may have been mainly caused by the femur. In addition to that, the lateral compartment was still intact and the range of motion was preserved. Therefore, we chose to perform a recorrection with an additional DFO. Despite the reoperation, this procedure was the first osteotomy of the femur, as the initial osteotomy was performed on the tibia. Thus, there were no adhesions in the femoral osteotomy site and no unmanageable postoperative sclerotic bones. That was the great advantage of this procedure. Furthermore, if TKA had been indicated in this case, the medial tibial bone resection would have been thicker than on the lateral side because the mMPTA was 92°. Therefore, it would have been difficult to obtain an appropriate soft tissue balance in this case and there would be some possibility that a constrained prosthesis may be required.[@R17]

A conversion to uni-condylar knee arthroplasty (UKA) could be a potential option for this case. However, high failure rates of UKA conversion from HTO have been reported[@R18] because of technical problems associated with ligamentous instability, or lateral wear and subsequent failure. Therefore, we selected a joint preserving surgery as the initial treatment.

In cases of UC/CL with non-union, recorrection should be considered first since the fixation of the non-union would be required.[@R5] However, in the case of UC/CL without non-union, TKA is usually performed,[@R6] and there have been few reports of recorrection osteotomy.[@R7] To our knowledge, no report has suggested DFO as a possible treatment for UC/CL when the centre of the deformity is in the femur. However, we sometimes encounter older female patients with progressive femoral varus deformities.[@R19] Therefore, CL after HTO caused by femoral deformity, or type 5 CL after HTO as described above, are not rare situations in the super-aged Japanese society. In conclusion, despite only a 1 year short-term follow-up, the additional LCWDFO for UC/CL after HTO provided satisfactory outcomes for our patient.

###### Learning points

-   Additional distal femoral osteotomy for insufficient correction after high tibial osteotomy was successfully performed without recurrence of varus.

-   This procedure could be a viable alternative for total knee arthroplasty when lateral compartment osteoarthritis has not progressed and a good range of motion still exists.

-   It is crucial to analyse the deformity centre when recorrection osteotomy is planned.
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